Objective: It is unknown whether the decreasing prevalence of H. pylori infections is associated with the increase in obesity and asthma and allergy. In this study, we assessed if obesity plays an intermediate role between H. pylori infections and allergy. Design: A population-based, nested case-control study of 10,005 participants within the second Nord-Trøndelag Health Study (HUNT2), Norway, was performed in 1995-1997. The presence of H. pylori was tested by an enzyme immunoassay Pyloriset EIA-IgG, and weight, height, and waist circumference were measured. Body mass index (BMI) and waist circumference were used as measures of general and abdominal obesity, respectively. Selfreported asthma and allergic diseases were collected through questionnaires. The odds ratios of H. pylori relative to asthma and allergic diseases were estimated by logistic regression models stratified by waist circumference categories. Results: H. pylori infection was present in 31%, ever asthma was reported in 10.4% and allergic rhinitis in 16.2%. The mean BMI was 26.4 kg/m 2 and the mean waist circumference was 86.6 cm. H. pylori infection was neither associated with asthma nor allergic diseases. However, when stratified by waist circumference, H. pylori infection was associated with 30-40% reduced odds of asthma and 25% reduced odds of allergic diseases in individuals with abdominal obesity (waist circumference 86 cm in women and 96 cm in men). Conclusion: H. pylori infection is associated with reduced risk of asthma and allergy in individuals with abdominal obesity, suggesting a possible causal pathway from reduced H. pylori infections through obesity to increased risk of asthma and allergy.
Introduction
Infection with Helicobacter pylori (H. pylori) is common in humans and associated with socioeconomic status and living conditions in childhood. 1 In developed countries, the prevalence of H. pylori infections has rapidly decreased in parallel to economic improvement over the past decades. 2 This might be due to improved hygiene and sanitation, less salted food, and possibly increased use of antimicrobial agents. Interestingly, as the prevalence of H. pylori has declined, there has been a rise in the prevalence of asthma and allergic diseases (e.g., hay fever and atopy) in developed countries. [3] [4] [5] Tobacco smoking, air pollution, allergens, microbial infection, and obesity are among the potentially attributable exposures that may cause the increase of asthma and allergic diseases. 6, 7 As an indigenous microbiota, the decrease of H. pylori has been postulated to play a role in this increase. 8 There have been quite a few epidemiologic studies examining the association between H. pylori and asthma and allergic diseases. The results, however, are largely controversial. 9 Parallel to the decrease in H. pylori infections, there has been a global increase of obesity during the past decades. 10, 11 Obesity is associated with chronic inflammation which may be involved in the allergic response. 12 A positive association between obesity and asthma and allergic diseases has been reported in many studies. 13, 14 Moreover, lack of H. pylori infection has been associated with obesity in accumulating studies. 15, 16 Thus, there could be an association between H. pylori, obesity, and asthma and allergic diseases, but so far this has not been studied. Whether lack of H. pylori infection leads to increased risk of asthma and allergic diseases and obesity, independent of each other, or the lack of H. pylori infection leads to increased obesity and then increased risk of allergic diseases, as a part of the same causal pathway, is unknown. In this large population-based Norwegian study, we examined the association between H. pylori infection, obesity, and asthma and allergic diseases.
Methods

Study design
In this nested case-control study, data from the second survey of the Nord-Trøndelag Health Study (HUNT2) was used. 17 In HUNT2, performed in 1995-1997, all residents of Nord-Trøndelag County aged 20 years and older were invited to answer questionnaires and interviews, participate in clinical examinations, and contribute with biological material. Among 65,237 participants in HUNT2 (69.5% of invited), serum from 10,005 randomly selected individuals were tested for H. pylori.
Study outcome
Asthma and allergy Asthma and allergy were assessed through self-reported questionnaires in HUNT2. Asthma was defined as present if the participants reported to have or have had asthma (ever), or if they reported to use or have used asthma medication (definition I). To avoid misclassification with chronic obstructive pulmonary disease (COPD) due to tobacco smoking, we also defined asthma as for definition I, but excluding participants that had smoked for more than 10 years (definition II). The participants also reported age of onset of asthma. Allergic rhinitis was defined as present if the participants reported to have hay fever or nasal allergy.
Main exposures H. pylori
Serological status of H. pylori IgG antibodies was analysed using the commercially available enzyme immunoassay Pylorisert EIA-IgG (Orion Diagnostica, Espoo, Finland) at Levanger Hospital, Norway. Assay for detection of H. pylori was performed in 1998. The cut-off level used for a positive H. pylori IgG was 300 U. 18 
General obesity and abdominal obesity
Trained personnel at the screening stations objectively measured height, weight, and waist circumference during HUNT2. Body mass index (BMI) was calculated by dividing weight in kilograms by height in meters squared (kg/m 2 ) for estimation of general obesity. According to the World Health Organization's definitions, obesity was defined as BMI 30 and abdominal obesity as waist circumference 86 cm in women and 96 cm in men.
Other factors
The following factors were selected a priori and included in the analyses: sex, age, tobacco smoking, alcohol drinking (monthly frequency of drinking), physical activity (reported hours of physical activity [light and hard] per week in the last year), highest completed education, and family history of asthma and allergy. Except from sex and age, all factors were assessed through self-reported questionnaires. Family history of asthma or allergic rhinitis was reported on first degree relatives (parents, siblings, and children).
Statistical analysis
Logistic regression was used to assess odds ratios (ORs) and 95% confidence intervals (CIs) for the associations between H. pylori, obesity, and asthma and allergy. Separate analyses were performed stratified for waist circumference categories based on the sex-specific intervals: <75, 75 to <86, and 86 for women; and <88, 88 to <96, and 96 for men. The fully adjusted analyses were performed with age as a continuous variable, while the other variables were categorized. Tobacco smoking was categorized as never, occasional, and daily. Alcohol drinking was categorized as never, infrequent (once a week or less), and frequent (more than once a week). Physical activity was categorized as inactive (no activity or less than one hour light activity a week), moderately active (1-2 hours light activity or less than 1 hour hard activity a week), and highly active (at least 3 hours light activity or at least 1 hour hard activity a week). Completed education was categorized as primary school, high school, and college/university. In order to entangle the complex relations between H. pylori, obesity and asthma and allergies, we performed a mediation analysis to estimate the indirect effect of obesity relative to the total effect of H. pylori on the outcome of interest. The SAS 9.4 for Window was applied for data management, descriptive statistical analysis and logistic regression. All statistical analysis were two sides with significant level at 0.05.
Ethical approval
The study has ethical approval through the Regional Committee for Medical and Health Research Ethics, Central Norway (2012/1878). In HUNT, all participants gave written informed consent when participating, stating that their data could be used in future medical research.
Results
Characteristics
In the study population, the mean age was 50 years, 54% were women, and 31% were H. pylori positive ( Table 1 ). The mean BMI was 26.4 kg/m 2 (men:26.4; women; 26.3, respectively) and the mean waist circumference was 86.6 cm (men: 92.3; women: 81.6, respectively). Ever having had asthma was reported by 10.4% and after excluding those smoking >10 years, the figure was 5.7%. Hay fever or nasal allergies were reported by 15.1% and allergic rhinitis (including use of antiallergy medication) were present in 16.2%. In total, 26.5% of the 10,005 participants had asthma or an allergic disease.
Associations
H. pylori infection was not associated with asthma or allergic diseases in general (Table 2) , neither using the basic model, adjusting for sex and age, nor using the full model, also adjusting for BMI, tobacco smoking, alcohol drinking, physical activity, education, and family history of asthma and allergic diseases.
Effect modification analysis
However, when stratifying for waist circumference, H. pylori infection was associated with asthma and allergy in individuals with abdominal obesity (waist circumference 86 cm in women and 96 cm in men) ( Table 3 ). In abdominal obesity, H. pylori infection was associated with a 40% reduced odds of asthma (definition I) with onset below 18 years of age (fully adjusted OR 0.61, 95% CI 0.37-0.99). H. pylori infection in abdominal obesity was not associated with asthma (definition I) with onset above 18 years of age (fully adjusted OR 0.98, 95% CI 0.71-1.35). Excluding those smoking for more than 10 years (definition II), H. pylori infection in abdominal obesity was associated with a 30% reduced odds of asthma (fully adjusted OR 0.70, 95% CI 0.50-0.97). H. pylori infection in abdominal obesity was also associated with a 25% reduced odds of hay fever or nasal allergies (fully adjusted OR 0.75, 95% CI 0.59-0.95).
Discussion
In the present study we found no association between H. pylori infection and asthma or allergic diseases in general. However, H. pylori infection was associated with a reduced risk of asthma and allergy in individuals with abdominal obesity, suggesting a possible causal pathway from reduced H. pylori infections through obesity to increased asthma and allergy.
The strengths of this study include the population-based design, large sample size, and random selection of participants where H. pylori status was assessed, reducing the risk of selection bias and chance findings. In addition, the HUNT study assessed a number of high quality variables that made adjustments for important confounders possible. The objective measurements of BMI and waist circumference are of great importance when assessing obesity. One weakness in this study is the self-reported asthma and allergy. This might introduce misclassification, mainly towards COPD. This is partly avoided by using a definition of asthma excluding participants that had smoked for more than 10 years (definition II) and stratified asthma with onset below 18 years of age (childhood asthma). Another weakness is the lack of data on cagA status, which has been regarded as an important factor in H. pylori infection that is negatively associated with asthma and allergy. 19 As this is an observational study, causal associations cannot be claimed based on concurrent measurements of outcomes, exposures, and confounders. A potential inverse relationship between H. pylori and asthma and allergy has been widely reported, although the results are controversial. [20] [21] [22] [23] [24] [25] In the largest meta-analysis including 19 studies, 9 an inverse association between H. pylori and asthma was demonstrated based on nine cross-sectional studies (pooled OR 0.84, 95% CI 0.74-0.96), but the pooled OR was not statistically significant in seven case-control studies (pooled OR 0.82, 95% CI 0.53-1.27) or three prospective cohort studies (pooled OR 0.82, 95% CI 0.53-1.27). Interestingly, the meta-analysis showed an inverse association in children (pooled OR 0.81, 95% CI 0.72-0.91) but not in adults (pooled OR 0.88, 95% CI 0.71-1.08), which is partially consistent with our results. The benefit of H. pylori in early life has been observed in quite a few studies, [20] [21] [22] 26, 27 but at a late-in-life cost (e.g., H. pylori is a risk factor of peptic ulcer disease and stomach cancer). 28 However, in the present study, such an inverse association were only identified in abdominally obese persons who had asthma or allergic rhinitis in their early life. This result may indicate an intriguing and complex relationship between H. pylori, obesity, and asthma and allergy. A possible inverse relationship between exposure to H. pylori and the occurrence of obesity has been addressed as well, 15, [29] [30] [31] although the results are still controversial. 32 Moreover, whether H. pylori infection plays a role only in childhood or adult adiposity is unclear. As both H. pylori and obesity have been associated with asthma and allergic disease, the role of the two factors needs to be further clarified. Whether one factor is another factor's confounder, effect modifier or intermediate is unknown. In the present study, there was an association between H. pylori and asthma and allergic disease in abdominally obese participants, but this association disappeared in the non-abdominally obese population. This indicates that obesity may play a role as an effect modifier between H. pylori and asthma and allergy. As the analyses were based on cross-sectional data, potential obesity could be an intermediate in the pathway from H. pylori to asthma and allergy. The underlying mechanisms between H. pylori, obesity, and asthma and allergy are plausible. H. pylori are one of the most common bacteria in humans, with prevalence rates of H. pylori in human populations ranging from 20 to 50%. 33, 34 In the past decades, infection with H. pylori substantially declined due to improved living conditions and increased use of antibiotics. Individuals exposed to H. pylori in early childhood are prone to have a decreased appetite and food intake due to defective signalling of appetite-and satiety-related hormones in the stomach, e.g., ghrelin and leptin. 20, 35 Hormone ghrelin exerts long-term appetite stimulating behaviour through its receptors in the hypothalamic paraventricular and arcuate nuclei. 36, 37 Decreased exposure to H. pylori results in increased ghrelin and downregulated gastric leptin in children and in adults, thus increasing appetite stimulating behaviour and then leading to obesity. Interestingly, ghrelin has been associated with abdominal adiposity through regulation of lipid storage in abdominal white adipose tissue 38 ; higher leptin levels has also been associated with abdominal obesity in quite a few studies. 39, 40 In addition, H. pylori could be an indicator for changes in the gut microbiome. It reflects the complex interaction between microbes and the immune system. 41, 42 When H. pylori are eradicated (other microbes will be influenced as well), the inner balance of microbes, appetite-related hormones, and the immune system will be broken, and then the person will become obese. The cytokines stimulated by chronic inflammation in the obese population will further trigger asthma and allergy. On the other hand, in obese persons, the cytokines may be supressed by infection with H. pylori. A protective association of H. pylori with asthma and allergic disease through obesity is plausible. This hypothesis aligns with the present study. Another potential pathway is through Th1 and Th2 lymphocytes. A growing body of evidence indicates a preventive action of H. pylori to asthma and allergy probably through the gastric recruitment of regulatory T cells. 43 It is well recognized that infections with H. pylori can trigger a Th1-mediated immune response. 43 Activation of Th1 then suppresses the Th2 responses. The predominant activation of Th1 lymphocytes by H. pylori leads to the production of interferon gamma, interleukin 12, and tumor necrosis factor alpha in the stomach. 44 Eradication of H. pylori will lead to inadequate Th1 response that might result in an overactive Th2 response with production of cytokines, including interleukins 4, 5, and 13, which are associated with the promotion of IgE and eosinophilic responses, and eventually allergies. The inverse association between H. pylori and asthma and allergic disease was first observed in 1989 with the "hygiene hypothesis". 45 It was based on observations of declining prevalence of allergic rhinitis with increasing number of older siblings. It suggested a preventive effect of transmitted infections in early childhood from older siblings. Exposure to infectious agents might educate the immune system and provide protection against allergic rhinitis. However, how obesity plays a role in this pathway is unclear. As the benefit of H. pylori was only shown in the obese population, the present study might suggest that the immune system educated by infection with H. pylori may be more alert to asthma and allergy in those obese. In conclusion, this large population-based study found reduced risk of asthma and allergy with H. pylori infection in individuals with abdominal obesity. This suggests a possible protective effect of H. pylori infection in the development of asthma and allergy and possibly a causal pathway from reduced H. pylori infections through obesity to increased asthma and allergy.
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